A Gram-stain-positive, aerobic actinobacterial strain (designated SYP-A7299 T ), which displayed a rod-coccus growth lifecycle, was isolated from the rhizosphere of Ginkgo biloba L. Phylogenetic analyses based on 16S rRNA gene sequences indicated that strain SYP-A7299 T belongs to the genus Arthrobacter and is most closely related to Arthrobacter halodurans JSM 078085 T (97.4 % 16S rRNA gene sequence similarity). The DNA-DNA relatedness value between strain SYP-A7299 T and
The genus Arthrobacter belonging to the family Micrococcaceae, class Actinobacteria, was first established by Conn and Dimmick [1] and emended by Koch et al. [2] . At the time of writing, the genus is represented by 51 species with validly published names (www.bacterio.net/arthrobacter.html). Members of this genus are aerobic, catalase-positive, Gramstain-positive bacteria that have a high DNA G+C content, two major cell-wall peptidoglycan structural types, designated A3a and A4a, respectively, and show a rod-coccus growth cycle, for which the irregular rods in young cultures were replaced by coccoid forms in older cultures; these coccoid forms, when transferred to fresh medium, produced outgrowths ('germinated') to give irregular rods again, and so the cycle was repeated [3] [4] [5] [6] . In this study we describe a novel species of the genus Arthrobacter isolated from the rhizosphere of Ginkgo biloba L.
During the course of studying microbial diversity in rhizospheric soil samples of Ginkgo biloba L. collected from Dandong, Liaoning province, China (40 41¢ 31.2 † N 124 33¢ 46.1 † E), a strain designated SYP-A7299 T was isolated on R2A medium (yeast extract 0.5 g, proteose peptone 0.5 g, Casamino acids 0.5 g, glucose 0.5 g, soluble starch 0.5 g, sodium pyruvate 0.3 g, K 2 HPO 4 0.3 g, MgSO 4 . 7 H 2 O 0.05 g, agar 15 g, distilled water 1000 ml) by serial dilution plating. The purified strain was stored as glycerol suspensions (30 %, v/v) at À80 C. The 16S rRNA gene sequence of strain SYP-A7299
T showed low sequence similarities with members of the genus Arthrobacter, thus further characterization through phenotypic, chemotaxonomic and molecular studies was performed to classify the taxonomic position of the strain.
The 16S rRNA gene sequencing was performed according to the method reported by Cui et al. [7] and Li et al. [8] . The sequence obtained was compared with available 16S rRNA gene sequences of species with validly published names in the EzTaxon-e server [9] . Phylogenetic trees were reconstructed with three algorithms, neighbour-joining [10] , maximum-likelihood [11] and maximum-parsimony [12] using the software package MEGA version 5.0 [13] after multiple alignment of the sequence data by the CLUSTAL X program [14] . Kimura's two-parameter model was used to calculate evolutionary distance matrices of the neighbourjoining method [15] . The topology of the phylogenetic tree was evaluated by using bootstrap analysis with 1000 replicates [16] . DNA-DNA hybridization studies were carried out using a fluorometric method according to Ezaki et al. [17] . Eight replications for each hybridization reaction were performed. The DNA G+C content was determined by reversed-phase HPLC as described by Mesbah et al. [18] using Escherichia coli DH5a as the reference strain. (Table S1 ), which was lower than the threshold value (70 %) recommended for distinguishing novel species [19] . The DNA G+C content of strain SYP-A7299
T was determined to be 68.9 mol%, which was within the range of the members of the genus Arthrobacter [20] .
Morphological and physiological characteristics were observed on R2A medium unless otherwise stated. Growth and colony morphology was observed after incubation for 3 days at 28 C. Cell morphology was determined by using light microscopy (Primo Star; ZEISS) and scanning electron microscopy (S-3400N; HITACHI). Gram-staining was carried out by using the standard Gram reaction [21] . Cell motility was checked using the hanging-drop technique [22] . Growth at different temperatures (4-45 C), and tolerance to NaCl (0-15.0 %, w/v, with an interval of 1.0 %) was tested by incubating cells on R2A medium, while growth at different pH (pH 4.0-11.0, at intervals of 1.0 pH unit using buffer systems as recommended by Xu et al. [23] was tested by incubating cells in R2A medium broth at
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C. Catalase activity was determined by production bubble from 3.0 % (v/v) H 2 O 2 solution. Oxidase activity was examined using 1.0 % (w/v) tetramethyl-p-phenylenediamine reagent (Sigma; [24] ). Tests for H 2 S production, hydrolysis of cellulose, starch and Tweens 20, 40, 60, 80, and coagulation and peptonization of milk were performed as described by Gonzales et al. [25] . Other enzymatic activities and biochemical characteristics were determined by API ZYM and API 20NE kits (bioM erieux) according to the manufacturer's instructions. Sole carbon source utilization and chemical sensitivity assays were determined by Biolog GEN III MicroPlates according to the manufacturer's instructions.
Colonies of strain SYP-A7299
T were round and yellow without any spore formation. Cells of strain SYP-A7299
T were Gram-stain-positive and aerobic. Scanning electron microscopic images (Fig. S3) showed that the cells had a rodcoccus growth cycle. Strain SYP-A7299
T was found to grow at a temperature range of [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] C, pH range of 6.0-10.0 and could tolerate NaCl up to 4.0 % (w/v). However, optimum growth was observed at 28 C, pH 7.0 and in the absence of NaCl. The strain was positive for catalase activity and hydrogen sulfide production, and negative for oxidase activity. All physiological and biochemical characteristics that differentiate strain SYP-A7299
T from closely related type strains are listed in Table 1 .
Purified cell-wall preparations were obtained and hydrolysed as described by Schleifer and Kandler [3] , and amino acids in cell-wall hydrolysates were analysed by using precolumn derivatization with o-phthalaldehyde (OPA) as described by Tang et al. [26] . Sugars of whole-cell hydrolysates were analysed according to the procedures described by Hasegawa et al. [27] and Tang et al. [26] . Polar lipids were examined by two-dimensional thin-layer chromatography (TLC) using the procedures of Minnikin et al. [28] . Menaquinones were extracted according to Collins et al. [29] and separated by high-performance liquid chromatography (HPLC) as described by Kroppenstedt [30] . For cellular fatty acid analysis, biomass was obtained from cells grown on tryptone soy agar (TSA; Difco) at 28 C for 3 days. The analysis was performed by using the Microbial Identification System (Sherlock Version 6.1; MIDI database: TSBA6; [31] ).
The cell-wall hydrolysates for purified amino acids of SYP-A7299
T contained lysine, alanine and glutamic acid by HPLC, which were characteristic of the genus Arthrobacter (peptidoglycan structural type A4a, L-Lys-L-Ala-L-Glu), and similar to closely related reference strains A. halodurans JSM 078085
T and A. oryzae NBRC 102055 T (Fig. S4 ). Whole-cell sugars were galactose and glucose. Compared with the closest strain and identified with different spray reagents, the polar lipids of strain SYP-A7299
T consisted of diphosphatidylglycerol, phosphatidylglycerol, phosphatidylinositol, two glycolipids and an unknown polar lipid (Fig. S5) . The major menaquinosne were MK-8(H 2 ) (72 %) and MK-9(H 2 ) (28 %). The components (>1 %) of the fatty acids were determined to be anteiso-C 15 : 0 (59.0 %), iso-C 15 : 0 (13.2 %), anteiso-C 17 : 0 (9.5 %), iso-C 16 : 0 (7.8 %), iso-C 17 : 0 (3.4 %) and C 16 : 0 (3.0 %). Comparison of fatty acids of strain SYP-A7299
T with related type strains is given in Table S2 . All the chemotaxonomic data for strain SYP-A7299 T were consistent with its assignment to the genus Arthrobacter.
Phylogenetic analysis based on 16S rRNA gene sequence and chemotaxonomic characteristics supported that strain SYP-A7299
T could be assigned to the genus Arthrobacter. The differences in phenotypic properties among strain SYP-A7299
T and the type strains of related species, such as aesculin hydrolysis, gelatin hydrolysis, nitrate reduction, some enzyme activity and kinds of sole carbon source listed in Table 1 , and the moderate DNA-DNA relatedness values clearly indicated that strain SYP-A7299
T could be differentiated from other species of the genus Arthrobacter. Therefore, on the basis of the data presented, strain SYP-A7299 T should be placed in the genus Arthrobacter as a representative of a novel species, for which the name Arthrobacter ginkgonis sp. nov. is proposed.
DESCRIPTION OF ARTHROBACTER GINKGONIS SP. NOV.
Arthrobacter ginkgonis (gink.go¢nis. N.L. gen. n. ginkgonis of Ginkgo biloba). The type strain is SYP-A7299 T (=DSM 100491 T =KCTC 39592 T ), isolated from a root of Ginkgo biloba L. collected from Dandong, Liaoning province of China. The DNA G+C content of the type strain is 68.9 mol%. [33] ; b, Kageyama et al. [34] .
